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Abstract 
This dissertation was written as part of the MSc in Banking & Finance at the 
International Hellenic University.  
My academic paper will be a theoretical and empirical investigation to examine price 
discovery phenomenal between WTI and Brent sweet crude oil indices, which are the 
most representative benchmarks in the crude oil market. At our analysis we used daily 
data, extracted by reliable futures contracts databases and our main Hypothesis is 
which of West Texas Intermediate (WTI) and Brent oil prices plays the dominant role in 
oil market, based price discovery analysis, over a sample from January 2012 to October 
2019. At the second part of our study we will try to discover what are the most 
significant factors (global or macroeconomic) that affect the spread between the two 
selected oil indices. That second empirical part based wholly on EViews econometric 
analysis.  
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Preface 
The world oil market is a dynamic entity that is rapidly changing day by day. Oil as a 
material used by human in many aspects of daily life, either as a fuel or as a raw 
material for the manufacture of other everyday products. Additionally, oil is also a 
regulator of the price level of various other goods. Moreover, financial participants can 
invest on markets as a financial product as, in instance to future contracts market.  
The purpose of this dissertation is to present data on the structure of the 
worlds’ oil market and its two major indices as well as on the regulatory factors of their 
spread, based on the interactions that are created between them and their 
commodities’ future prices. To achieve this, there are 6 analytical chapters that try to 
strengthen the analysis. More specifically:   
The first chapter is introductory and includes a work piece, the purpose, a 
literature report and the summary of this thesis. 
The second chapter gives a general overview of the role that crude oil plays in 
the global economy through a theoretical analysis and the role of the efficient market 
in combination with geopolitics and economy events. Additionally, we present the 
historical footprint of oil crises in order to present a clear picture about the 
fluctuations that took place all that years.  
In the third chapter, we present an extended and empirically documented 
analysis of the factors that affect crude oil. The majority of that factors used in the 
second part of our empirical research based on the downloaded data that all 
transformed at the same form.    
The fourth chapter is an analysis of the oils future contracts structure and their 
way of transaction. Moreover, we make an analysis about the main way of futures 
costing method, called Cost of Carry pricing model.     
The fifth and our dissertations main chapter, presents the price discovery 
phenomenal with the methodology that explains the analysis process and their 
conclusions based on empirical literature analysis.   
Finally, the sixth and final chapter is closing out the work giving findings and 
recommendations on the study. More specifically the statistical analysis of data 
gathered from sources and the price discovery in WTI and Brent oil. Which index 
affects more the global prices? Additionally, we run an econometric model which 
depicts the important factors that affect the spread between WTI and Brent monthly 
futures prices, separated to two periods.    
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Chapter 1: Introduction 
1.1 Problem Statement 
Bibliography presents several researchers work that have examined the 
complicated econometrical relationship among various commodities prices. A 
relationship of significance had found by Bentzen (2007), which showed cointegration 
evidence among three dominant oil benchmark prices (WTI, Brent, OPEC). It is 
important to note that the discussions about dominance power of our selected indices 
and their advantages are closely related with the price discovery function in crude oil 
futures market. As a result the downloaded data are the most active futures prices 
because of the fact that whatever happens to oil indices depicted accurately to futures 
prices, as we present to the Cost of Carry pricing model.         
The main Hypothesis of this dissertation is the attempt for price discovery 
between two important indices for crude oil futures market, which is West Texas 
Intermediate (WTI) prices and Brent oil prices based on Hasbroucks (1995) Information 
Share ratio. The empirical findings will try to present, which is the dominant oil index in 
case investors wants to participate at oil global futures market. More specifically, WTI 
is extracted from oil fields in the United States, is the sovereign price index for U.S.A. 
market and its futures contracts are traded on the New York Mercantile Exchange 
(NYMEX). On the other hand, Brent crude is mined from the North Sea and refers to a 
blend of four crude oils BFOE (Brent, Forties, Osberg, and Ekofisk). Brent futures 
contracts are traded on the Intercontinental Exchange (ICE) in London and are the 
WTI’s adversely index. 
Finally, the supplementary Hypothesis is which independents variables have 
significant role for WTI and Brent spread prices, from January 2012 to October 2019. 
The analysis takes place between two periods with breaking point the December of 
2015, because of the events particularities of that period. That spread is an indicator 
for oil prices fluctuations and for oil portfolio that consisted by that kind of financial 
derivatives. For the data analysis, we used EViews software and we run all the related 
hypothesis tests in order to strengthen the final outputs.       
1.2 Literature Review 
According to Elder, Miao and Ramchander (2014) analysis of price discovery 
between the two most prominent price benchmarks, WTI and Brent sweet crude oil, 
found that WTI had dominant role in oil market relative to Brent, over a sample from 
2007 to 2012. Other empirical findings from Buyuksahin and Harris (2010) showed that 
'speculators' affect crude oil prices. That conclusion is based on the perception that 
from 2000 to 2008 the simultaneous rise of crude oil prices and the increased number 
of financial investors in the crude oil futures market produces fluctuations to that 
relationship. Moreover, Karali and Yi (2016) analyzed the above benchmarks from 
1993 to 2016 and they found that Brent and WTI prices are cointegrated and their 
price spread was almost to equilibrium. Buyuksahin et al. (2013) identify a structural 
break in the Brent-WTI relationship in November 2008 and December 2010. The global 
events that led to that breakdown was the decision of Saudi Arabia to stop using WTI 
for its pricing in the U.S. and finished with the disappearance of the crude oil export 
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ban. All these events have caused oil price fluctuations and affect oil price discovery 
results. My dissertation will based on that kind of academic journals and to others 
researchers work that are mentioned to reference chapter. Additionally, at Empirical 
Literature part presented all the historical empirical findings about the 
aforementioned relationship.  
1.3 Choice of Method 
Over the years there were a lot of researchers that examining the dynamics 
between WTI and Brent prices because of their power to investments and global 
economy. An important factor for oil investors is to keep following crude oil news and 
at the same time, monitor the spread between of the two indices. Any fluctuation in 
that relationship will produce arbitrage opportunities in commodities or futures 
market and as a result the significant hypothesis is to spot the key position of future 
fluctuation in oil contract. As a result, it is worthy to search about the variables that 
affected by the updated information flow and to examine what are the significant 
factors of spread fluctuation.   
This paper uses Hasbroucks (1995) information share model to investigate the 
mechanics of price discovery and an EViews analysis which runs all the necessary 
econometric tests, in order to strengthen the final results. As we said earlier, we used 
the most active futures contracts and we attempt to find which of WTI and Brent have 
the dominant role in price discovery, over a sample from 2012 through 2019.  
The first dissertations’ objective is to adequately identify the theoretical 
importance of crude oil to global economy based on the factors that affect Futures 
contact, the Cost of Carry procedure, and the methodology behind price discovery 
analysis. How these are performed, and more specifically how they are traded in the 
oil market. At our empirical research we will examine which of WTI and Brent depicts 
more efficiently the updated information and whether futures price spread influenced 
by major economic news releases and data. As we said earlier, the analysis 
strengthened by the EViews econometric treatment and others researcher’s empirical 
evidence in order to identify trustable conclusions.        
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PART I 
At this chapter of our analysis we attempt to present the historical overview of crude 
oil’s role to global economy and global financial markets in combination with oil crises 
in order to show the fluctuation of the global economy through past years. If we 
unfold the path of the economy based on oil, we can see that some facts logically 
explain the cycles and the results of the economy afterwards. However, as we will 
present in the theoretical part, predicting future events is a difficult fact to dealing 
with, because we can judge global events that have already taken place but predicting 
them present a high error probability of occurrences.    
Additionally, we present the factors that affect crude oil fluctuations, which 
selected by empirical analysis of other researchers. Also, we have found these factors 
based on our critical thinking and market trends, which observed by our overall 
analysis. Finally, those factors will be used to our empirical analysis based on EViews 
econometric model.          
 
Chapter 2: Role of Crude Oil to Global Economy 
Oil production and prices have significant contribution in the global economy as 
one of the most important geopolitical and financial commodity. At Killian’s (2009) 
paper global oil price shocks presented as one of the main factors explaining economic 
crisis. Thus, we conclude that oil shocks have significant role because their 
responsibility about the price fluctuations in international trade and at the stock 
exchanges. Hamilton (1983) makes a special reference, pointing out that oil shocks 
have historically created and intensified economic recessions and fluctuations in the 
United States. Simultaneously, empirical findings show weakness of the oil prices and 
economic activity connection since 1985 (Hamilton, 2003). In general, the inability to 
properly predict the geopolitical consequences of the oil prices affection presents the 
dangers of surface hazards for the economy, due to positive cointegration facts 
(Baumeister and Kilian, 2014).  
Several analysts show that geopolitical risks has negative impact on oil returns, 
which driven by the downturn of oil demand. That is a logical reaction of the global 
economic activity and as a result oil revenue decrease trends could drive economies to 
deeper recessions. Generally, since there is negative relationship of the global 
economic activity and oil market with the global geopolitical events and risks, we 
should pay attention to the prevention actions through effective analysis and accurate 
predictions. A key factor which can counterbalance that situation is the risk reduction 
in order to achieve more stable economies (Juncal, Rangan, Chi Keung and Xin, 2019).  
Additionally, we can say that news interpretation is useful in detecting downward 
turning points and can partially predict the future awareness of economic data thanks 
to their information about the future predictions (Brandt & Gao, 2019).  
 Based on BP Statistics Review 2017 evidence, founded that one-third of energy 
consumption was oil. As a result, numbers depict that oil is globally the world’s leading 
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fuel but the global political conflicts and the pollution created by that commodities led 
to different forms of energy production. The aforementioned facts will create 
fluctuations and financial instability to oil markets because of the negative oil market 
targeting and investments to different energy and environmental friendly climate 
policies (Silvennoinen and Thorp, 2013). Moreover, a dominant issue arise from 
historical fluctuations, which present the debate about what truly driven the 
commodity market, is still the supply and demand factors (Krugman, 2008; Hamilton, 
2009; Kilian, 2009) or the power of speculators due to the ‘financialization’ of the 
market? (Basak and Pavlova, 2016; Fattouh, Kilian, and Mahadeva, 2013). Generally, 
the power of oil is manifested by the perception that oil industry earns significant 
amounts of money, not only to participant’s cash accounts but also in the stock 
exchange. Oil industry affects global economic growth and gives geopolitical power to 
oil companies’ shareholders and at the production countries as well.        
Except from geopolitical power, an individual approach of oil investments could 
be as diversification tool. More specifically, prior to 2000s, the oil hedging role used by 
investors, because oil futures had zero or negative relationship with stock returns 
(Babalos, Stravoyiannis and Gupta, 2015). But after the global crisis, oil futures prices 
became more correlated with each other and with stock prices, which led to the 
conclusion of a more globalized and multifactor economy (Tang and Xiong, 2012; 
Silvennoinen and Thorp, 2013). Therefore, literature sources depicts that it is not 
enough to defining the impact of oil price shocks but also the different variables 
structure that led to that shocks (Barsky and Kilian, 2002; Kilian, 2009).   
Additionally, energy security has to be treated alongside with climate change 
policy. Climate change scientists mentioned that oil business industry potentially may 
differ from past or in other case we must be able to stabilise carbon dioxide 
concentrations, in order to avoid a catastrophic climate future (Bradshawn, 2009). All 
of these changes and extent prices fluctuations in oil market will definitely affect the 
financial and commodities markets and more specifically market participants.    
2.1 Petroleum Crises Footprint 
The first oil shock was triggered in late 1973 after the war of Yom Kippur, the 
oil embargo that followed and the restrictions imposed on OPEC members' production. 
Finally, that period followed by a relatively long period of price stability on the market. 
Prices remained high during the following cycle, while further decline in OPEC 
production at the end of 1979 which was a result of the upheavals of the revolution in 
Iran, provoked the second in a series of oil crises in less than one decade.   
For about 15 years, the aforementioned events kept oil prices at high levels but 
that period comes to an end during the 1986, because Saudi Arabia decided to 
abandon decreasing production policy. The shorter oil shock took place in the second 
half of 1990, as a consequence of the Persian Gulf crisis, which produced by pessimistic 
expectations about oil supply and distribution problems. However, those fears did not 
eventually confirmed and as a result the prices brought back to pre-crisis levels.       
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Image 1: Energy Efficiency & Renewable Energy, 
(https://www.energy.gov/sites/prod/files/fotw859.jpg)  
 In the mid-1990s, the rate of economic growth and global demand for oil and 
energy generally peaked. The Asian crisis of 1997 combined with anemic activity in 
Japan and Europe resulted in a serious decline in oil demand. At the same time, oil 
production continued to run at previously high levels, resulting in oil prices falling to 
$20/barrel in early 1997 and in February 1999 to fall below $11. In 1998, OPEC planned 
to reduce output but not to decrease the price of black gold. However, by the end of 
1999, its prices gradually was doubled as a consequence of agreements reached by the 
Agency with Mexico and Norway and production falling to lower levels of that period 
of demand. Subsequently, the recession that followed at the beginning of the 21st 
century resulted in the oil price diminishing below $17/barrel at the end of 2001. From 
there and then prices were led to a controlled upward trend above $40/barrel. 
 In real terms, today's oil price is clearly higher than the two "mini" comparable 
oil episodes (1990 and 2000), but significantly below of $82/barrel, which was a price it 
had touched in 1980. Both the first episode and the second episode lasted about 5 
years each, resulting in a triple increase in the price of oil. The third episode (1990 - 
1991) lasted only 6 months and even in its peak it has only doubled its price, while the 
fourth episode (1999-2000) has peaked more than twice as much as the oil price.  
 From 1999 until mid-2008, oil prices significantly rose explained by the 
simultaneous rising of China’s and India’s oil demand, two of the most populated 
countries worldwide. Additionally, that period U.S.A invaded to Iraq in 2003, leading to 
uncertainties in oil supply. In the middle of the financial crisis of 2007–2008, the price 
of oil suffers a significant decrease after the record peak of $147.27, on July, 2008. On 
December 23, 2008, WTI crude oil spot price fell to $30.28 a barrel, the lowest levels 
during 2007-2008 financial crises. After crisis, the price rose to $82 in 2009, an 
optimistic trend for oil investors and their financial performance. On 31 January 2011, 
the Arab Spring created supply shortages and helped push prices to $ 126.48 a barrel. 
For about three and half years the price largely remained in the $90 to $120 range. 
 Technological developments in recent years have significantly changed the 
world oil market. Significant peak of US oil production pushed them to first place once 
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again, reducing OPEC's impact and lowering prices. United States big oil production 
flooding had led to a sharp drop in world oil prices, from $114.84 in June 2014 to 
$28.47 per barrel in January, 2016. That means a drop of almost 75% since mid-2014.  
OPEC had sought to improve prices by partnering with countries outside OPEC 
such as Russia to implement cuts in production. As a result, prices had risen, but had 
never come close to levels seen in the last decade. 
 Finally, with the US acting as new "producers", OPEC's influence and control 
capacity is likely to remain diminished. Although, at September 2018 prices averaged 
$67/barrel, because of many producers in Canada and the Permian that achieve lower 
prices due to enlarging differentials. Additionally, unresolved trade war between the 
US and China as well as geopolitical uncertainty in Iran and Syria have helped prices 
rise from low 2016 to under $30 a barrel to $54.70 a barrel in October of 2019.  
 
Chapter 3: Factors that Affect Crude Oil  
Financial investors in order to produce accurate provisions must analyze oil 
prices fluctuations and select the most representative variables to add at their 
econometric treatment model. Therefore, an efficient and profitable provision involves 
knowing what to expect when the conditions changed. Those macroeconomic 
variables will be U.S.A., Europe or OPEC’s oil production, the Gross Domestic Product 
of leading countries with their growth rate or some financial indices. A lot of factors 
have significant influence to oil; due to the fact that is a globalized commodity with 
stock exchange power. A profitable and accurate formula may produced by various 
combinations but it is worth to mention that every historical period has his unique 
characteristics to take into account. As a result, fluctuations over time can be treated 
by an accurate analysis and formulas in order to produce desirable results. In our 
master thesis we try to analyze all the possible variables to present the best and most 
efficient theoretical and analytical econometric output. The next analysis, present the 
selected supply, demand and financial factors that affect crude oil economy and used 
to our secondary empirical analysis.    
 3.1 Specific Factors Based on Analysis 
As far as the supply factors, we present the most significant ones based on 
other empirical researcher’s evidence. More specifically, one of the most important 
factors that affect oil economy is Oil production, which considered as measurement 
about geopolitical, economic, transportation cost and generally innovation 
development (Miao et al., 2017). Moreover, we can present the available oil inventory 
as an important variable that affect the historical fluctuations during different time 
periods. Crude oil Inventory is a worthy factor due to short term flexibility power that 
affects oil prices. If the amounts are at a high level and simultaneously the production 
decreases, then the prices may stay at equilibrium because they can cover the oil 
demand (Hamilton, 2009; Kilian and Murphy, 2014). In order to specify oil stocks, 
according to Energy Information Administration, we must mentioned OPEC’s oil 
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surplus and U.S.A oil stock, due to the fact that these amounts is a characteristic 
indicator about oil with influence power. Every change to those indicators can create 
supply equilibrium and price stability or fluctuations and uncertainty. According to 
Hallock et al. (2004) research, we found that there is a strong correlation between oil 
production and oil exports metrices. As a result, a worth to mentioned factor is Crude 
oil exports. This tool of measurement presents a clear picture about potential supply 
capacity. For our analysis, we selected monthly U.S. oil exports because of his 
significant role to global economy. Additionally, as an important factor we present the 
Baltic Exchange Dirty Tanker Index which is an indicator about oil shipping 
transportation cost. Fan and Xu (2011) shows that there is a connection between this 
index and oil prices, because lower cost of transportation leads to prices decrease. 
Finally, we say about U.S. Refinery Utilization Rate. According to Kaufmann et al. 
(2008) lower refinery utilization rate will lead to a preference for higher quality crude 
oil and as a result prices takes an increasing trend.   
Subsequently, we will present some factors that affect oil Demand and more 
specifically have influence to oil price fluctuations, either negative or positive. First of 
all, we will present the GDP’s (Gross Domestic Product) of U.S.A., Euro zone and China; 
countries that their policies have global economic power and affect directly the 
financial markets. Furthermore, another important component is Steel production. 
According to Ravazzolo and Vespignani (2015) findings, global steel production is a 
representative indicator for economic growth. At our analysis, we use Dow Jones steel 
prices, which try to depict accurately the steel sector activity. Also, Crude oil imports 
are an important element that can reflect a clear picture about global economy and his 
activity projections. According to Ghosh (2009), empirical findings show a cointegrated 
relationship between crude oil imports and the price of the imported crude with 
trends about global economic growth. Finally, ISM Manufacturing Index is widely 
considered as an effective ingredient that can produce efficient conclusions about oil 
business cycle movements, as presented by Scotti (2013). The index monitors 
productions levels for predefined periods, based on manufacturing firms analysis, and 
extract conclusions about global economic activity (Hamilton, 2009; Hicks and Kilian, 
2009; Kilian, 2009).  
The aforementioned factors cover the dynamic spectrum as regard for oil 
supply and demand dynamics. Nowadays, financial markets when commodities traded 
as financial instruments, plays a dominant role to global economic activity and any 
changes reflected to prices.  As a result, interest rates are considered as a 
characteristic factor for presenting a picture about oil futures prices. Logical 
assumptions in combination with empirical evidence from Frankel (2006), 
demonstrates U.S. interest rates an important factor for our purpose. The negative 
tendencies between interest rates and oil prices strengthen our assumption and that 
factor is oil market representative. Following the previous view about multifactorial 
economic activity, strong Exchange Rates has powerful role for price changes. The 
selection based on dynamic currencies role to global economy and always referred to 
US Dollar, which is the reference transaction point (Sadorsky, 2000; Wang and Wu, 
2012). Econometric evidence present that a weaker dollar leads to higher oil prices and 
vice versa, due to components changing purchase power. In addition, the country 
whose currency appreciates against the U.S. dollar is likely to experience higher 
demand for crude oil due to reduced costs. The dominant exchange rates are U.S. 
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Dollar relative to British Pound, Euro and Japanese Yen. Because of United States of 
America global influence, we select as an indicator the three month Treasury bill yield 
and the Federal Fund rate. Their policies affect currencies and financial markets, so 
futures contract prices tend to fluctuate when changes happened. Also, financial 
market researchers find that there is a positive cointegration between trends to stock 
market and oil prices. Global demand shifts influence both corporate profits and oil 
demand. As a result, we use the S&P 500 and MSCI World index, as indicator for U.S. 
economic activity (Hammoudeh and Li, 2005).  
Finally, we will present some market factors, which affect crude oil and other 
industrial commodities prices. More specifically, we select the S&P GSCI Energy Index, 
which used as a reference index, by several researchers, about commodity market 
investments (Coleman, 2012; Baumeister and Kilian, 2015). Additionally, bibliography 
and data analysis present that crude oil has significant sensitivity to geopolitical 
events. Coleman (2012) used Global Terrorism Database in order to quantify the total 
amount of terrorist attack in the Middle East and North Africa. That kind of data shows 
the geopolitical instability and the significance of historical crises to crude oil prices. 
Unfortunately, the data did not used in the empirical analysis due to quantify period 
problems (Global Terrorist Attacks calculated only in yearly base).             
 
PART II 
Chapter 4: Theoretical Framework of Commodity Futures Contracts  
Exchange Traded Funds (ETFs) are equity investment portfolios that follow very 
specific financial benchmark index. In recent years they have flooded markets because 
they are considered more transparent than mutual funds and have lower commissions. 
Based on recent statistical evidence, investors have trade about $3.5 trillion into this 
market from October 2018. Brooks, head of research at ETF Securities said: “It's like 
buying any investment product whether it’s a bank account, a bond or equity; you do 
the due diligence and read the descriptions of what you're buying. The very least you 
would is to visit the company’s website and work out what it does.”    
 More specifically, ETFs look like mutual funds but are more attractive because 
of their low cost, tax efficiency and other stock-related characteristics. The biggest 
advantage of ETFs is that you don't need to have a lot of money to invest in and every 
investment can be consisted of non cointegrated financial tools, creating a well-
diversified portfolio. On the opposite, share investments can produce tremendous 
returns but the risk is high enough in case of loss. Base on behavioral analysis, 
researchers concluded that most of investors feel better observing low potential profit 
produced by constant and steady rate. More analytically, concerning our analysis 
about oil futures prices, despite fears about environmental policies changes based on 
climate friendly confrontation, projections and productions present that the world still 
depends on oil as a fuel. Oil International Energy Agency presents that oil companies 
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forecasts to produce 7.5 million barrels per day from 2017 to 2025 (IEA, 
https://www.iea.org/).   
Additionally, as we mention earlier, ETFs are a low cost investment, because 
don't charge extremely high management commissions. That happens because of fund 
manager’s limited responsibilities, which is to follow and analyzing the performance of 
the benchmark index. Another case will be the option to customers for individual trade 
activities with no charge due to the absence of an intermediate broker. Conclusively, 
ETFs professional's commission equal to zero with the hope of outperforming the 
market combined with the fact that benchmarks index fluctuations are public, so 
investors control their investments value at real time.  
Finally, from a tax perception, we can observe that there is no significant 
difference between mutual funds and ETFs, since they are both have tax relief and only 
charged with a solidarity contribution on the redeemed profits. The difference 
observed in the dividend payments timeline. ETF investors take their money by whole 
portfolio income whenever the investments produce income; in contrast shareholders 
accumulate their payment due specific companies’ timeline. A key point for those who 
want to invest in ETFs is that they may require more engagement and analysis than a 
mutual fund package. A well diversified portfolio for long-term investment should 
include different types of securities in appropriate proportions, such as equities, bonds 
and bank notes. As a result, that kind of investments require a perfect combination of 
low risk and satisfactory returns, really demanding work for investors with no financial 
experience.  
4.1 Cost of Carry Model & Futures Contract 
An oil futures contract by definition is an agreement you reach today in order 
to buy oil at future from now at a specific price. For that price, you and the 
counterparty, agreed today. According to researchers and the cost-of-carry model 
futures contract price should always be greater than the underlying spot price. In order 
to gain the advantage for accumulate an asset now; investors pay a premium amount 
called “convenience yield”, which in case of oil futures will be created by geopolitical 
events, policies changes, seasonality elements or financial crises (Alizadeh and 
Nomikos, 2004; Milonas and Henker, 2001).  
 Because our main Hypothesis based on commodities analysis, academic 
researchers present the Cost of Carry model as a representative pricing model for that 
situation due to storage cost that involved with that commodity contracts (Tomek, 
1997; Pindyck, 2001). Pricing procedure is the same as Bessembinder et al. (2016) 
methodology, except with a constant storage cost for simplicity reasons. More 
specifically,  represent the spot price at date ,  represent the futures price at 
time  for delivery on date  , and  depicts the cost of carry, consisted by real physical 
storage cost, the aforementioned convenience yield and foregone interest. The cost-of 
carry, , normally is involved by interest and physical storage costs and we can 
logically assume that in case of futures market contargo calculated normally (  > 0). 
On the other hand, having stocks on-hand dominates the advantage to minimize 
transportations costs, which means for futures that there is no cargo (  < 0). Generally 
speaking, futures market and their form determine the cost-of-carrying inventory. The 
no-arbitrage relationship can be expressed as follows:   
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  (1) 
 
The return on the spot commodity net of storage costs is: 
 
    (2)  
Bessembinder (2016) call  the ex post premium and analyzed by two components: 
first one is the ex ante risk premium ( ), which is the return that investors demand as 
compensation for risk and secondly the ex post price shock ( ), which includes 
unexpected supply and demand fluctuation. The complete equations presented as 
follows:   
=  +     (3) 
  
Market participants perception suggest that  should average zero and 
therefore the  is determined wholly by the risk premium. For example, if market 
participants’ predictions show increase in commodities demand, then they will keep an 
amount of commodities off the market, hoping higher futures prices. As a result, prices 
will increased and dispose of any storage profit.  The above equations can be used to 
express the continuously compounded returns to holding spot and futures positions, 
 
   (4) 
 
        (5) 
 
The return to the commodity holder in equation 4 is the sum of the ex post 
premium  and the inventory cost of carrying ( ) which determined by the market. 
As far as equation 5, futures position returns calculated exactly such the ex post 
premium . The key difference about spot and the futures returns is equal to the 
cost of carry. Conclusively, spot prices evaluated by the cost of carry component 
contrary to the futures prices , which assimilate .   
Finally, a deeper analysis from main equations about spot and futures returns 
based on storage cost produce three important conclusions. More specifically, both 
spot and futures returns have involve risk premium if it is other than zero (  ≠ 0). In 
different situation will be violation of no-arbitrage structure. On the other hand, if risk 
premium equals to zero (  = 0), then prices ranged due to the carrying costs ( ), which 
mean futures outcome, , evaluate only by ex post price shocks because of carrying 
cost assimilation. Finally, we observe that futures returns, because of the 
aforementioned assimilation of cost of carry are not determined by the function of  
level. That means cargo will be different from zero (  > 0) or (  < 0) (Irwin, Sanders, 
Smith & Main, 2019).  
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Chapter 5: Price Discovery Phenomenal  
A characteristic approach that can depict information changes directly to price 
fluctuation called Price Discovery. That phenomenal evidence shows all these process 
that take place at the selected market in which new events is reflected directly to 
prices and considered to be the one with the price discovery function and reach the 
equilibrium asset’s price. Effective understanding of price discovery helps investors to 
be updated about their investments worth changes through risk management 
evaluation, based on information flow. That procedure helps financial products (asset) 
evaluation to be more accurate and lead to better profitability (Westerlund et. al., 
2014). Researcher’s empirical studies suggest that efficient price equilibrium can 
reached by investment speed and the simultaneous trading of the same asset across 
two markets (Forsythe et al., 1982, 1984).  
Generally, analyzing price discovery procedures we can say that is an attempt 
to show how markets incorporate new information and investors attempt to gain the 
best possible profit. A characteristic example is the significant relationship between 
spot and futures markets in which speculators attempt to take advantage of every 
price fluctuation and their actions driving commodity prices (Kaufmann and Ullman, 
2009). On the other hand, according to Narayan and Smyth (2015), commodities price 
discovery also has implications because if occurs in futures markets, empirical 
evidence predict that well informed traders will invest in futures rather than spot 
markets, producing fluctuations due to burdened trading flow.       
5.1 Price Discovery Methodology  
In order to measure price discovery, literature suggests two main approaches: 
the Information Share (IS) ratio by Hasbrouck (1995) and the Component Share (CS) 
method by Gonzalo and Granger (1995) and Harris et. al. (1995, 2002), both based on 
the Vector Error Correction Model (VECM) proposed by Engle and Granger (1987). 
VECM present a perspective that intermarket investments and fluctuations exert 
power to cointegrated asset from different markets and to their trading prices. As a 
result repel them to drifting apart (Elder, Miao & Ramchander, 2014). These two 
approaches used in order to produce the same outcome but are different 
measurement approaches for price discovery. Component Share ratio focus on the 
proportion of each market’s innovation that contributes to the common efficient price, 
which mean that measure the adjustment speed to the long run equilibrium. On the 
other hand, Hasbrouck (1995) Information Share ratio focuses on the proportion of the 
variance in the common efficient price that can be attributed to individual markets, 
which means that defines price discovery in terms of the information power ratio.    
About econometric treatment, if the prices are found to be integrated of order 
one; this implies that they are non-stationary while price changes are covariance 
stationary. Hasbrouck (1995) defines the market’s information share ratio as a 
proportion of the efficient price variance that can be attributed to that market.  
Hasbrouck’s (1995) model can be tested to any number of price series, but in 
our analysis we use two of them, the WTI and Brent futures prices. Assume that we 
observe a price vector = [ , ]’, where  and  refer to the WTI and Brent 
futures contracts price series. Based on Hasbrouck (1995, 2003) paper, prices must not 
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diverge over the time series at any circumstances or prices must depict evidence of 
cointegration in order to have close relationship. In our study, WTI and Brent prices do 
diverge over time, but since the model is estimated on a daily basis, this divergence is 
treated by the cointegrating vector. The cointegration of prices implies that they may 
be represented in a vector error correction model (VECM) of order K:  
 
    (6) 
 
Where  is a vector of prices,  is the error correction vector that measures 
the information adjustment speed,  = (1, -1)' is the cointegrating vector,  are 
matrices of autoregressive coefficients and  are innovations with constant variance 
( ). The VECM mode has two parts: the first part, , represents the equilibrium 
dynamics between WTI and Brent prices and the second part, , depicts 
the short-term dynamics influenced by market weaknesses.    
As we said earlier, Hasbrouck (1995) defines the IS ratio of a price series as the 
proportion of the variance in the common price process and defining a row of Ψ(1), 
where is the sum of moving average coefficients, as ψ, then the  for the  time 
series is:    
 
    (7) 
 
Where  is the lower triangular Choleski factorization of . The Choleski 
factorization orthogonalizes the variance in the common price process that attributed 
to each innovation. But since it is dependent on the arbitrary ordering of the price 
series in the VECM, the final estimation of  is not uniquely defined. Instead, upper 
and lower bounds of  are calculated by applying the Cholesky factorization to all 
possible orderings. Baillie et. al. (2002) find that the average IS result from all process’s 
orderings is an efficient calculation of every price series’ effect percentage to price 
discovery treatment (Elder, Miao & Ramchander, 2014; Hasbrouck, 1995).  
 If there is price correlation across markets, then Ω will not be diagonal and the 
analysis will not be applicable. We know that most of the contemporaneous 
correlation, in practical applications, caused by time aggregation and in order to 
minimize and border the effects of the correlation we can exercise some actions. In 
practice, market prices usually change sequentially, which means that when new price 
is posted in one market, then the other markets respond. In case the observation 
spectrum is so long that the sequencing cannot be clearly determined, then the 
response will appear at the same time and we will not be able to conclude effective 
results. Therefore, one obvious way of minimizing the correlation is to shorten the 
interval of observation but there is not always the case because of practical reasons.   
About the aforementioned debate about sample bounds, while no unique 
values may be found for the information shares, triangularization of the covariance 
matrix may be used to establish upper and lower bounds. This approach is closely 
related to the standard treatment of the prediction error variance decomposition 
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(Hamilton, 1994; Hasbrouck, 1995). As far as the other empirical method, Gonzalo-
Granger’s PT decomposition of , the form is: 
 
   (8) 
 
Where  is the permanent component,  is the transitory component, and  and  
are the loading matrices. The components  and  are linear combinations of  such 
that  ∼ I(0) and  does not Granger cause  in the long run. Baillie et. al. (2002) and 
De Jong (2002) show that  =  where  =  so that the permanent 
component is a weighted average of observed prices with component weights 
/  for i = 1, 2. Notice that these component weights are equivalent to each 
market’s share in the composition of the permanent innovation 
. As a result, Harris et. al suggest measuring the importance of market i for 
determining the permanent component of prices using the component share:   
 
    (9) 
  
Empirical analysis show that the two price discovery ratio are calculated in 
order to produce the same results but present different perception of the same 
conclusion (Baillie et. al. ,2002; De Jong, 2002).    
5.2 Empirical Literature  
According to Monge, Gil-Alana and Perez de Gracia (2016) findings, we can 
present that fluctuations in oil demand has significant affect to oil prices of 75%. An 
interesting empirical paper of Hammoudeh, Bhar and Thompson (2010) presents that 
random macroeconomic events have strong relationship with the selected oil 
benchmark cycles of WTI and Brent. On the other hand, oil benchmark does not have 
significant directional relationships with U.S. macroeconomic cycles due to globalized 
economy powers. Exceptional case is the relationship of default risk to Brent price 
cycles and both the WTI and Brent price trends with interest rates. As a result, we can 
conclude that positive WTI and Brent cycles enhance global economy in order to avoid 
decreasing growth, a fact that helps monetary authority decisions (Hammoudeh, Bhar 
and Thompson, 2010).     
According to Lu, Yang and Liu (2018), their empirical results show that the 
dynamic relationship between crude oil and agricultural commodities changed 
significantly during historical timeline. In the post-crisis period, none of agricultural 
commodity marker components, except from corn, was interacted with crude oil. After 
financial crisis, they observed an increase in the importance of commodities’ own 
volatility components, an important fact that gives us a perception that their structure 
recovery based on their uniquely components.  Zhang and Wang (2012) find that, 
another agricultural commodity, gasoline futures price lead crude oil futures price and 
shows that gasoline market reacts by his own financial behavior, over a sample from 
2005 to 2011. They say that gasoline futures price performs 85.71% of price discovery 
function, a very high percentage for a crude oil’s downstream product. Furthermore, 
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statistical analysis presents that gasoline futures price contribution to price discovery 
after financial crisis has increased from 80.73% to 89.47%. Additionally, Arouri (2011) 
findings about Oil and Gas sector shows that lower oil prices leads to lower profit 
bounds and reduced capital expenditures.   
About geopolitical news, Brandt and Gao (2019) findings state that war and 
conflicts plays important role to oil price fluctuations. The statistical approach present 
that 13 basis points is the daily oil profit, in case to one-standard deviation decrease of 
the bad geopolitical news. It is worth to mention that the average daily returns are 
four basis points, a fact that gives us the dynamic relationship with war effects.  
Also Horan et al. (2004), studying active oil futures contracts, finds an influence 
on the volatility of oil futures and justified the OPEC’s influence to crude oil prices. The 
OPEC’s strategic changes at 1999–2000 to more direct price targeting policy has 
probably influenced the oil world market and also reduce the dominant role of crude 
oil benchmarks like Brent and WTI (Jan Bentzen, 2011).  
A deeper analysis about price discovery to oil futures contracts from Wang and 
Zhang showed that crude oil futures market plays the dominant role relative to spot 
prices, from about 54.27% of oil market price discovery function. To the same findings 
concluded Chen and Wang about oil futures market significance for oil market as a 
whole function. More specifically, crude oil spot market may show the immediate 
supply and demand fluctuations and lead to massive profits but crude oil futures price, 
due to price discovery high percentage, may advocate a reference point for spot price 
to a financial globalization investment economy.   
According to Elder, Miao and Ramchander (2014) paper, empirical evidence 
find that WTI maintains a dominant role in price discovery procedure relative to Brent, 
based on Information Share model. The estimated ratio was approximately 80%, over a 
sample from 2007 through 2012. The mean information share for WTI was averaged 
81.7% of daily transaction data relative to 18.3% for Brent. A more analytical 
estimation for oil benchmarks can be measured by lower and upper bounds in order to 
have deeper analytical picture. As a result, for WTI the lower bound evaluation shows 
a mean lower bound of 69.6%, compared with Brent’s lower ratio which counts 6.1% 
respectively. On the other hand, upper bounds statistical metrics indicate an average 
upper bound of 93.9% for WTI versus 30.4% for Brent. The mean of the daily average 
information share during the pit session is 80.2% for WTI and 19.8% for Brent, versus 
78.6% for WTI and 21.4% for Brent in the non-pit session. Conclusively, researchers 
find that to all price discovery function WTI has more power and we may observe it as 
the key benchmark for oil investments.      
Additionally, Kao and Wan (2012) results supports that WTI in contrast to Brent 
lost a percentage of his power role but still had the dominant one. That evidence 
translates that during research period, from January 2007 to April 2012, WTI confront 
lot of geopolitical and financial events and as a result his dynamic role takes a 
downstream trend. At the first sample period, bounds are almost in equilibrium, which 
present a bidirectional information power flow from both benchmarks. On the other 
hand, as the sample goes to the end, especially in 2009 and 2010, the price discovery 
transformed again at a wider range. Interestingly, WTI does not lose its IS advantage 
over Brent, even during periods that it traded at a discount (John Elder, Hong Miao, 
Sanjay Ramchander, 2014).  
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According to Fattouh (2007) paper, evidence presents that from 2005 and so, 
Brent has increasingly traded at a premium to WTI. This represents a significant 
transformation to WTI and Brent relationship because emerges the fact about Brent’s 
dominance, the issue of declining oil production to North Sea and more importantly 
the role of WTI after the negative events that taken place at the past periods.     
At this point it is worth to mention some evidence about the cointegration 
relationship of WTI and Brent prices. Through historical analysis researchers observe 
two dominant break point periods that affect that oil spread. The first one was at 
February 2005 when prices were found to be correlated before and after of this crisis. 
On the other hand, when the second crisis evolves at December 2010, oil prices 
cointegration level collapse. According to Ye and Karali (2016) that have explored the 
aforementioned oil spread relationship, used that prices equilibrium from 1993 to 
2010 in order to analyze the impact of 2005 and 2010 crisis in oil spread fluctuations. 
Empirical evidence showed that price impact generally had higher level of affection for 
Brent rather than WTI, but the overall percentage of change present that WTI prices 
affected thirteen times more from 2005. Respectively, Brent prices affected six times 
more from 2005 crisis. Numerically that translated for WTI impact from 1.7% in 2005 
to 21.7% in 2010, while the price impact of the 2005 structural break was 5.5% for 
Brent and transformed for 2010 break to 31.7%. Additionally, other researchers 
suggests that Brent-WTI price spreads changed from stationary to a non-stationary 
time series in 2010 due to two breakpoints in 2008 and 2010, which implies that 
markets are not necessarily integrated in every period (Büyüksahin et al., 2013; Chen 
et al., 2015; Liu et al., 2016). Final evidence about price discovery between WTI and 
Brent determines that WTI leading before 2010, while Brent has played the leading 
role in the crude oil market since 2011 (Ji and Fan, 2015; Jia et. al., 2017).   
Finally, another important relationship is crude oil with gold prices. Empirical 
evidence shows that fluctuations in the crude oil market are two times stronger than 
those in the gold market. Additionally, should be mentioned that gold and crude oil 
market have high positive correlation relationship and observed similarities about 
historical trends. More importantly about prices discovery phenomenal between them 
two is the price information value, which have very common announcements. As far as 
the bidirectional influence, researchers find it statistical significant and presented that 
the gold price influence on the crude oil price is about 5 times stronger than the other 
way back (Zhang and Wei, 2009).  
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PART III 
Chapter 6: Empirical Analysis 
6.1 Data Analysis 
The selected data will mine by Thompson Reuters Data Base which is very 
trustable database due to the fact that is not only used internationally by global 
corporations but provides a complete tool menu for individual analysis. Additionally, I 
try to have benefit from every trustable and available data base at the University 
campus and from websites such as www.financing.com which has all the available and 
updated dataset.  
We will attempt to analyze the price discovery phenomenal between the most 
dominant crude oil benchmark using daily prices of WTI futures contracts prices that 
traded at the New York Mercantile Exchange (NYMEX) and the Brent crude oil futures 
contracts prices traded at the Intercontinental Exchange (ICE), based on a period from 
January 01, 2012 to October 30, 2019. Contract unit for both WTI and Brent is 1,000 
barrels and the prices are determined in U.S. dollars. Moreover, oil futures are among 
the most active financial investments and as a result their investment interest is at 
high level of importance for speculators.    
At the second part of our empirical analysis, we will attempt to run a regression 
model based on the factors that explained at the Factors Chapter. First of all, the 
depended variable will be the spread between monthly data of WTI and Brent futures 
contract. The data mined by the same source as we explained earlier at the price 
discovery charter. Moreover, all the independent variable data downloaded by 
trustable databases which gives us the opportunity to have reliable data and results. 
More specifically, the quantitative data about interest rates and exchange rates taken 
by Thompson Ones data base which we can use them for educational reasons. 
Additionally, I downloaded the same data from investing.com site which have open 
and free data which are updated and presented at real time situations.   
Furthermore, I used open data reliable databases which are World Bank Group 
site, Macrotrends website, eia.gov site (U.S. Energy Information Administration site), 
OECD database, Federal Reserve Bank of Saint Louis economic data, OPEC’s library 
dataset and Eurostat database as well. All of this data are edited on excel in order to 
have the appropriate form for analysis reasons. The selected timeline was January 
2012 to October 2019 period at monthly timeline.         
6.2 Evolution of Information Shares 
The approaches in order to calculate Information Share and Component Share 
ratio function described in the previous section and can be executed by using the 
‘pdshare’ function at R programming language. The function treated a matrix of (log) 
oil prices and produced the IS and CS ratio measurement, the covariance matrix of 
residuals and optimal number of model’s lags. The R commands function is described 
as follows:  
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> library(ifrogs) 
> str(pdshare) 
function (x, override.lags = NULL, lag.max = 10) 
 
 
 
Image 2: rdrr.io (https://rdrr.io/rforge/ifrogs/man/pdshare.html) 
The data matrix of oil prices series is provided in the argument x. About 
‘override.lags’ command, in case the researcher know at the analysis beginning the 
specified lags number which may used by VECM, then will be able to add it at at the 
command. Alternatively, if the command stay at Null Hypothesis which is the number 
that has not been found yet, then the number of lags are decided based on the Akaike 
Information Criterion (AIC) using ‘VARselect’ command from package ‘vars’. 
Additionally, there is an R programming choice to determine the maximum number of 
lag selection, if there are restrictions to the analysis. The aforementioned action can be 
provided to ‘lag.max’ argument to specify an integer number or can be automatically 
calculated.  
The Information Share outcome relies on the R ordering of the price variables. 
Information Share is first estimated as per the supplied ordering. Once the estimation 
on supplied ordering is finished, the results are shaved and R command ordering of the 
selected matrices is automatically reversed. As a result, if WTI price series is column 1 
will be transformed to column 2 and Brent price series 2 will be reserved as well. 
Finally, IS estimation will be finished and present all the possible ordering process.    
The function analysis of ‘pdshare’ outcome includes a list of some important 
elements, which are: ‘is.original.ordering’, ‘is.reversed.ordering’, ‘component.share’ 
and ‘override.lags’. The ‘is.original.ordering’ present the IS ratio percentages for the 
supplied ordering and on the other hand, the ‘is.reversed.ordering’ returns the IS 
estimates for the reversed ordering. It is important to mention that the first and 
second elements of the ‘is.original.ordering’ command specify the IS estimate of Brent 
and WTI prices respectively. In contrast, the first and the second element of the vector 
‘is.reversed.ordering’ determines reversely the IS estimation about WTI and Brent 
prices respectively.   
Conclusively, the calculated IS ratio firstly estimates the maximized share of 
Brent and minimized the share of WTI, using triangularization of covariance matrix. 
Subsequently, the results saved in ‘is.original.ordering’ vector and following the 
reversed ordering, which the estimation is the lower Brent bound and the upper WTI 
bound for the supplied ordering (Aggarwal, 2011).    
The next image depicts the commands and the algorithm that used in R 
software and provides us with the necessary output for Price discovery between WTI 
and Brent futures contract (rdrr.io, https://rdrr.io/rforge/ifrogs/man/pdshare.html).     
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Image 3: rdrr.io (https://rdrr.io/rforge/ifrogs/man/pdshare.html) 
 Finally, we can present the final results and the gathered table with the price 
discovery output between WTI and Brent oil daily prices from January 2012 to October 
2019.    
 
Price Discovery Measures (Jan 2012 to Oct 2019) 
Information Share 
(Hasbrouck) 
Lower bound Upper bound Average 
Brent Futures Prices 38,78% 94,69% 66,74% 
WTI Futures Prices 5,31% 61,22% 33,27% 
Component Share 
(Gonzalo and Granger) 
Average     
Brent Futures Prices 74,12%     
WTI Futures Prices 25,88%     
Table 1: Price Discovery Results (2012-2019) 
As a result, from the table above, we can conclude that ‘is.original.ordering’ 
indicates that the WTI futures prices has an IS of 5.31% while Brent futures prices ratio 
accounts to 94.69%. Using the reversing ordering, ‘is.reversed.ordering’, the IS of WTI 
and Brent futures prices is estimated as 61.21% and 38.78% respectively. The average 
IS of the Brent futures are thus, 66.74%. The estimations present that Brent futures 
lead the price discovery process. The component share weights also show that the 
Brent futures have a share of 74.12% while the WTI futures reached a share of 25.88% 
in price discovery. Finally, the number of lags used in the VECM estimation is 3, which 
doubled checked by the AIC criteria of EViews analysis that showed below. The final 
conclusion of this process is the dynamic influence that Brent futures prices have 
compared to WTI futures. The sample was extended enough, in order to have a clear 
picture about economy and oil futures dominant trend power. Moreover, a clear 
picture about the history of price discovery between these two indices presented at 
the historical empirical evidence chapter.  
Although we have completed the price discovery analysis and found the 
dominant index, our analysis haven not completed yet. Our next step is to run our data 
to E-Views software in order to have thorough research evidence. As a result, we 
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follow VECM method process and run all the related tests, for our attempt to find if 
our final outputs are reliable and sustainable.           
6.2.1 Steps of Cointegrated VAR Method (VECM) 
 
In order to check the aforementioned results, we run Cointegrated VAR method at 
EViews software, to clarify the cointegration of the indices. The procedure is 
analytically described to the following steps.  
  
Step 1: Identification 
 
At this step, we will try to identify whether the time series are stationary. If the 
oil data plot fluctuate around the mean and has no high trends, then we can say that 
the data are stationary. On the other hand, if the data are moving with dispersion flow 
and are not constant, then we say that the data are not stationary. As a result, when 
we determine the data stationarity level, then we proceed with the determination of 
the optimal lag length for the model.  
 
 
Figure 1: WTI & Brent prices Graph 
As a result in order to make data stationary we take log values, in order to 
reject or accept the Hypothesis. We must compare the absolute value in order to 
reject the Null Hypothesis. As we observe in the figure below, after the logged values, 
absolute values of t-statistics are bigger than the critical values. As a result, we reject 
the Null Hypothesis, which means that our variables have not unit root. So, our two 
variables are stationary.   
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Figure 2: Unit Root Test for Brent prices 
Additionally, we examine the variables about correlation and run correlogram 
tests at 16 lags, in order to examine, once again, the stationarity of our data. As we 
observe in the figures, at the raw values, the data are not stationary because cannot 
reject the Null Hypothesis (data are not stationary) due to the fact that all Probability 
Values are lower than 5%. On the other hand, when we take the first differences, we 
observe data’s stationarity, that helps us to continue at the second stage. 
      
  
Figure 3: Correlogram of Brent prices 
Once again, figures below presents the same stationarity results for WTI 
futures values, which are the converted logarithms WTI prices’ results.      
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Figure 4: Unit Root Test for WTI prices 
 Additionally, we run correlogram test for WTI values, in order to strengthen our 
data set outputs.  Finally, we can say that all data are integrated on the same order.   
 
 
 
Figure 5: Correlogram for WTI prices  
At this stage we run the VAR model with our stationary data in order to find the 
optimal number of lags. That helps us to use the optimal lags number in order to run 
our models effectively.          
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Figure 6: Lag Selection 
As a result we find that lag 3 is the best lag number for our model. Additionally, 
the most of the possible test depicts lag 3 as the optimal choice and with the lowest 
tests value, except from the SC criteria, which present lag 2 as the best choice. As a 
result, when these two criteria are not depicts the same output, based on researcher’s 
opinion, the best choice is AIC criteria. (Optimal lag number=3).      
  
Step 2: Estimation of the Model 
 
If the data fulfill the assumption of stationary in mean and variance, then we 
can test the order of cointegration by using Johansen’s test. As we observe at the 
figure 7 there is one cointegration relationship, which is the desirable result.    
 
  
Figure 7: Cointegration Johansen’s Test Results 
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The interpretation of the tables is that at both cases, LNBRENT and LNWTI at 
their separate dependence cases has negative coefficient value. That fact presents that 
in the long-run relationship, both variables have positive impact to each other. 
Moreover, we can divide the coefficients with standard error in order to calculate t 
statistics. Our next step is to compare it with t-statistics of 1% level of significance and 
to find if it is significantly important (must be above 2). The null hypothesis about no 
cointegration is rejected, against the alternative one, which is a cointegrated 
relationship in the model.  
 
 
Figure 8: VECM Model (Selected Lags: 3) 
So, after running all of that tests in order to secure our findings, we run at 
EViews software the VECM model to present the output and the cointegrated 
relationship. Subsequently, we tried to run some diagnostic tests in order to evaluate 
our model and the reliance level of our output. 
  
Step 3: Testing for Residual 
 
The model we found in Step 2 needs to be checked against the normality of the 
residuals and testing the stability. If the residuals are normally distributed and have 
high stability, then the model can be used. We found, no serial correlation due to 
comparison with probabilities, which are higher than 5%, so we cannot reject the Null 
Hypothesis. Additionally, the Normality test leads us to the result that our model, due 
to Jargue-Bera value and their probability, present that residuals are not normally 
distributed. This is not so good news, which means we check additional tests in order 
to finally conclude about the hypothesis.      
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Figure 9: Residuals tests (Serial Correlation & Normality)  
 
 
Figure 10: Residuals Heteroskedasticity Test Results 
Subsequently, we run OLS models to examine our two outputs and their 
significant variables for each of them. Moreover, we run the Wald Test, in order to 
clarify the variables and their level of significance for Brent and WTI models. We 
present that there is no long run causality because of C(1) and C(9) positive values and 
there are no significant at level 5%. That conclusion strengthens by the Wald test 
which output that the different variable (of every dependent variable) are equal to 
zero. As a result we can say that there is no short run causality. Probability of F statistic 
is lower than 5% (3,15%) so it is significant. Meaning that our data actually, fitting well 
to our model.  
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Figure 11: Wald Test for Brent Model 
Now, we plot residuals model and we conclude that there is no serial 
correlation in the model due to the fact that Prob. Of Chi Square is 94,68%, which is 
bigger than 5%. As a result, we cannot reject the Null Hypothesis (no serial 
Correlation), which is good result for our model.  
   
 
Figure 12: Serial Correlation & Heteroskedasticity Tests for Brent Model 
On the other hand, based on Heteroskedasticity Test we present that Prob. Chi 
Square is zero (0,0000) which means we can reject Null Hypothesis (No Heterosked.) 
and provides us with the conclusion that our model has Heteroskedasticity effects. 
About Normality test of Residuals we can see that the value of Jarque-Bera is very high 
and Probability is 0% < 5%, which means that we can reject Null Hypothesis and means 
that there is not normality in residuals.         
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Figure 13: Normality Test for Brent Model  
At that stage we run the second model and again we present that there is no 
long run causality because of C(9) value is positive and there are no significant at level 
5%. That conclusion strengthens by the Wald test which output shows that C(10), C(11) 
and C(12) are equal to zero. As a result we can say that there is no short run causality 
again. Additionally, Probability of F statistic is lower than 5% (0.09%) so it is significant. 
Meaning that our data actually, fitting well to our second model.    
 
 
 
Figure 14: Wald Test for WTI Model 
Now, we plot residuals model and we conclude that there is no serial 
correlation in the model due to the fact that Prob. Of Chi Square is 94,39%, which is 
bigger than 5%. As a result, we cannot reject the Null Hypothesis (no serial 
Correlation), which is good result for our model. As a result we can say that serial 
correlation test is the most significant one. If other tests have not good results, again 
we can continue to our analysis, except for the aforementioned one.    
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Figure 15: Serial Correlation & Heteroskedasticity Tests for WTI Model 
On the other hand, based on Heteroskedasticity Test we present that Prob. Chi 
Square is zero (0,0000) ones again, which means we reject Null Hypothesis (No 
Heterosked.) and provides us with the conclusion that our model has 
Heteroskedasticity. About Normality test of Residuals we can see that the value of 
Jarque-Bera is very high and Probability is 0% < 5%, which means that we can reject 
Null Hypothesis and means that there is not normality in residuals.          
 
 
Figure 16: Normality Test for WTI Model 
As a result, we proceed with the final stage of our analysis, which is the Impulse 
Response, in order to identify the moves of our variable at 365 days forward and the 
way of how they are influenced both at each other.     
 
Step 4: IRF Analysis 
 
Impulse Response Function (IRF) is used to depict how the rate of a shock for a 
variable reacts toward the response of other variable. It also attempts to determine 
the length of the impact of the shock from one variable to the other variables. 
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Figure 17: Impulse Response Function Results 
So, Cholesky Test shows that WTI, for the next 365 days will negatively 
influenced with Brent prices, which shows that Brent index is the dominant one. 
Additionally, tables show that a shock at Brent prices will positively affect WTI with a 
continuous unchanged trend. So, as we observed from the Information Share rate 
Brent plays the dominant role and diagrams show the relationship of the selected 
indices.       
 
 
Figure 18: Final VECM Model 
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Conclusively, as the final table presents, the WTI futures contract prices are 
statistically significant, in contrast to Brent futures contract prices, which are not. The 
aforementioned analysis shows that the WTI follows the Brent trends but not the 
other way back. The Vector Error Correlation Estimates Model shows clearly that the 
Brent futures contract plays dominant role to crude oil economy nowadays. That 
happens because we conclude that the Brent do not follows other trend or WTI price 
movements, which means that has a leading role. The WTI plays significant role to 
crude oil futures, but lost the first leading place and nowadays follows Brent. 
Additionally, we present that a 1% deviation of WTI prices, will affect at 8% negatively 
the Brent, which indicates that the two indices do not follow the same trends.           
6.3 The WTI & Brent Spread 
Our purpose in this part of the dissertation is to construct well normalized econometric 
models for the oil futures spread, between the two selected oil futures contract 
indices (WTI AND Brent) and their important factors which revealed through empirical 
research. Our data was downloaded from several trustable databases which 
analytically explained in the theoretical part. The time sample is monthly data from 
January 2012 to October 2019. Only close prices of the selected variables and indices 
used for our analysis and before starting the econometric procedure in E-views 
software, we construct them to the appropriate form for the program. Finally, we 
uploaded the data in the E-views to begin the procedure.  
 First of all we run our data with their close prices and we observe that they are 
not normal distributed and non stationary. As a result, to transform them to stationary 
data, we use their 1st logarithmic differences, in order to transform them to returns. 
The calculation equation is:  
 
 
 Moreover, in order to have efficient and well analyzed econometric models, we 
split our sample in two parts. The first analysis takes place from January 2012 to 
December 2015 and the second one was from January 2016 to October 2019. The 
reason above the time data separation is the key point of December of 2015, when the 
spread of two oil indices comes to equilibrium of zero. That meant a mutual power to 
global oil prices, a very important fact for the global economy as well. Additionally, 
according to Luong et. al (2019) and Fattough (2011), we determine two dates as break 
points based on the events we believe are critical in Brent and WTI pricing. The two 
months are December 2009 and December 2015. The first date is determined as the 
end of phase one since WTI has been dropped from pricing formula in key oil exporting 
countries such as Saudi Arabia on that month. The second break point is determined as 
the end of phase two after the US government has lifted the crude oil export ban. 
Firstly, we find the most fitted models with the best variable’s combinations and 
followed the regression analysis as far as the models importance. At the second stage, 
where was necessary, we run ARCH models in order to present the value risk of the 
spread, at the selected time.  
 Subsequently, we present the best fitted model and their analysis to the next 
pages.  The first table presents the first econometric model with no combinations, 
which depicts the model weakness to stand for significant importance and reliance. 
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Another reason for the following table is to present all the available independent 
variables, just for educational reasons.    
  
 
Figure 19: General Spread Model (Visual Reasons for Variables) 
6.3.1 Period Analysis: January 2012 to December 2015  
As a result, the first selected period is, in sample from January 2012 to December 
2015, but as we will present to the tables below, the final outcome produced from 
April 2012 to December 2015 due to selected lags for variables that come with some 
sample adjustments. Therefore, the final output and the best fitted model depicts to 
the above figure (from 2012 to 2015). The selection of our model was based, not only 
to the highest R squared percentage, but to the minimum of Akaike criterion value 
among the calculated ones.        
 
 
Figure 20: Best Fitted Model (January 2012 to December 2015)  
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 As we observe at the above table, the most of our variables are significant at 
10% level of significance and almost the half values at 5%. After a lot of combinations, 
we conclude to that one, which depicts a very well fitted econometric model for the oil 
spread. First of all, the R squared is at 60.31%, which is not perfectly high leveled, but 
is a trustable one due to high average level. Moreover, the level present that have a lot 
of significant variable which are: dollar and euro exchange rates at 1% level of 
significance, dollar and great Britain pounds at 1% level, dollar and Japanese yen 
exchange rate at 5% level, the returns of Dow Jones steel index at 5% level, msci at 1% 
level, GDP of U.S.A. at 10% level, Baltic prices at 10% level, and GSCI at 1% level. 
Additionally, if we take into account the probability of F statistic, (which is 0,2% < 5%, 
that is statistically significant), we will understand that the whole model’s data are 
fitted accurately to the model.         
In order to continuing the process of the model selection to identify as the 
most fitted one, we must run some tests to prove the real power of the model. As a 
result, we will investigate the model’s residuals.   
 
 
Figure 21: Residuals Plot for First Period Model 
 Before we run residual test about serial correlation, we present the residual 
graph in order to show a clear picture about their variation. As we observe at the 
graph, the most of monthly residuals are inside the produced bounds, with some 
exceptions. The assumption of the graphs is that, yes we have residuals but it is not so 
uncontrollably large ones and our data do not have so much fear for luck of trustable 
in output and their provisions.     
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Figure 22: Heteroskedasticity Test for First Period Model  
As we observe at the figure output, we searched about serial correlation at 
residual, which is an important issue for an econometric model and his reliability. The 
Null Hypothesis of this test is that there is no serial correlation at the model’s data and 
the alternative one is the opposite assumption. As a result, due to the Observations R-
squared and their probability we cannot reject the Null Hypothesis. The probability 
value is 28,63% which is higher than 5%, so we accept the Null Hypothesis that is our 
model do not have serial correlation, a very good sign for our model.  
 
 
Figure 23: Serial Correlation Tests for First Period Model 
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As far as the Heteroscedasticity test, the Null Hypothesis of the test is that 
there is no Heteroscedasticity to the model. Based on our results, we accept the Null 
Hypothesis which is good news for our model, because our residuals do not affect our 
model’s accuracy. We take into account the Observations R-square probability, which 
is 81,62%, that is bigger compared to 5%, so we cannot reject the Hypothesis. The final 
test is about residuals normality, which the table below deposits the results.  
 
Figure 24: Normality Test for First Period Model 
The Null Hypothesis of Normality test is that Residuals are normally distributed. 
Based on Jarque-Bera value and the probability (1,18% > 1%), we can assume that the 
residuals are normally distributed. As a result, we cannot reject the Null Hypothesis. 
That result is, again, positive for our model, because residual do not affect the 
accuracy of our data.    
 
 
Figure 25: ARCH Effect Test for First Period Model 
Finally, we must search about model’s Arch Effect, through EViews tests. The 
Null Hypothesis of the test is that model has no ARCH effect. Take into consideration 
the probability of Observations R-squared, which is 95,57% < 5%, we cannot reject the 
Null Hypothesis. The results means that it is not appropriate to run ARCH models, in 
order to assume the level those residuals affect our model.  
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6.3.2 Period Analyisis: January 2016 to Ocober 2019  
At the second selected period the sample is from January 2016 to October 
2019, because this period follows the, almost, oil spread equilibrium of WTI and Brent 
futures contract. Therefore, the final output and the best fitted model depicts to the 
above table (from 2016 to 2019).   
   
 
Figure 26: Best Fitted Model (January 2016 to October 2019)  
 As we observe at the above figure, the most of our variables are significant at 
10% level of significance and almost the half values at 5%. After a lot of combinations, 
we conclude to that one, which depicts a very well fitted econometric model for the oil 
spread. First of all, the R squared is at 62.15%, which is not perfectly high leveled, but 
is a trustable one due to high average level. Moreover, the level present that have a lot 
of significant variable which are: the second lag of Baltic prices at 10% level, dollar and 
great Britain’s pound exchange rates at 10% level of significance, the returns of Dow 
Jones steel index at 10% level, us imports at 1% level, first lag of federal funds rate at 
1%, the first lag of dollar and Japanese yen exchange rate at 5%, GDP of U.S.A. at 10% 
level and finally, the first spread’s lag at 1% level of significance. Additionally, if we 
take into account the probability of F statistic, (which is very lower from 5%, so it is 
statistically significant), we will understand that the whole model’s data are fitted 
accurately to the model.         
In order to continuing the process of the model selection to identify as the 
most fitted one, we must run some tests to prove the real power of the model. As a 
result, we will investigate the model’s residuals.   
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Figure 27: Residuals Plot for Second Period Model 
Before we run residual test about serial correlation, we present the residual 
graph in order to show a clear picture about their variation. As we observe at the 
graph, the most of monthly residuals are inside the produced bounds, with some 
exceptions. The assumption of the graphs is that, yes we have residuals outside of the 
bounds which probably can affect the data but it is not so uncontrollably large ones 
and our data do not have so much fear for luck of trustable in output and their 
provisions.   
 
 
Figure 28: Serial Correlation Test for Second Period Model 
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As we observe at the above table output, we searched about serial correlation 
at residual, which is an important issue for an econometric model and his reliability. 
The Null Hypothesis of this test is that there is no serial correlation at the model’s data 
and the alternative one is the opposite assumption. As a result, due to the 
Observations R-squared and their probability we cannot reject the Null Hypothesis. 
The probability value is 53,62% which is higher than 5%, so we accept the Null 
Hypothesis that is our model do not have serial correlation, a very good sign for of 
model.  
 
Figure 29: Heteroskedasticity Test for Second Period Model  
As far as the Heteroscedasticity test, the Null Hypothesis of the test is that 
there is no Heteroscrdasticity to the model. Based on our results, we accept the Null 
Hypothesis which is good news for our model, because our residuals do not affect our 
model’s accuracy. We take into account the Observations R-square probability, which 
is 49,27%, that is bigger compared to 5%, so we cannot reject the Hypothesis. The final 
test is about residuals normality, which the table below deposits the results.  
 
 
Figure 30: Normality Test for Second Period Model 
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The Null Hypothesis of Normality test is that Residuals are normally distributed. 
Based on Jarque-Bera value and the probability (14,6% > 5%), we can assume that the 
residuals are normally distributed. As a result, we cannot reject the Null Hypothesis. 
That result is, again, positive for our model, because residual do not affect the 
accuracy of our data.     
 
 
Figure 31: ARCH Test for Second Period Model  
Finally, we must search about model’s ARCH Effect, through EViews tests. The 
Null Hypothesis of the test is that model has no ARCH effect. Taking into consideration 
the probability of Observations R-squared, which is 69,85% (> 5%), we cannot reject 
the Null Hypothesis. The results means that we cannot run ARCH models, in order to 
assume the level those residuals affect our model. That literally means that it is no 
need to observe the risk behind the spread model and searching separately the 
residual.   
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Conclusions 
In this study we offer a price discovery analysis between WTI and Brent oil futures 
contracts, which is a clinical issue for investors in oil futures market at a globalized 
level. Our empirical findings are important for the aforementioned parties who try to 
find the best profitable opportunities in oil financial instruments market analyzing oil 
price fluctuations. Accurately evaluation and better understanding of price discovery 
helps more efficient asset evaluation and leads to more profitability for speculators 
(Forsythe et. al., 1982, 1984).   
This study proposes a model of daily West Texas Intermediate crude oil prices 
compared with Brent crude oil prices. Those indices defined as the most 
representative for that market. More specifically, West Texas Intermediate is the U.S. 
market in Cushing, Oklahoma, and the Brent oil known as the oil delivery in the North 
Sea, offshore from the U.K. The spread relationship of the selected price series, which 
is called the basis, was very historically stationary and shows a long-run equilibrium 
that affects the global futures crude oil economy.   
The historical speculation of WTI and Brent sweet crude oil prices spread have 
led market participants to question which has the dominant dynamic passing through 
financial crises and geopolitical events that affect oil market. This paper uses 
Hasbrouck’s (1995) Information Share model to investigate the structure of price 
discovery and based on econometric analysis we found that Brent oil futures, for 
January 2012 to October 2019, determines the dominant role in oil market relative to 
WTI. Our results are intersectional with other researchers work. For instance, Ji and 
Fan (2015) also determined that Brent has the dominant role in the market since 2011. 
For more analytical information, empirical literature part presents all the related 
paperwork and evidence. The estimated Brent information share is approximately 67% 
relative to WTI which is estimated to approximately 33%, over a sample from 2012 
through 2019.  
Moreover, using daily data since 2012, it was found evidence of cointegration 
between daily prices of their futures contract relationship. Additionally, a thorough 
EViews analysis and Vector Error Correction model, presenting the existence of this 
long-run equilibrium and estimated in order to have the best model check evidence. 
Although, we found cointegration relationship, empirical literature depicts that after 
2010 until December 2015, the long run relationship does not shows evidence of 
significance. On the other hand, after December 2015, empirical facts show 
reconnection of WTI and Brent futures and a stationary relationship.  
Conclusively, according to our main Hypothesis about the leading prices 
discovery indicator and based on our research and robust analysis, Brent crude oil 
found to be an excellent indicator and a more reliable global benchmark for oil 
industry, relative to WTI. On the other hand, it is worth to mention that WTI affected 
by some important breakdown events and especially after 2010 events, which declined 
his role to represent global oil industry. For instance, those events were that Cushing, 
Oklahoma oil storage facilities level reached at a high level of oil production. That 
happened due to the fact that United States increased oil production with a new oil 
product in combination with Canadian oil imports increasing amounts. All of this oil 
stock was coincided with inadequate transportation infrastructure, inability to export 
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all of these amounts of crude oil production and unsuitable refinery configurations. 
This caused imbalances at the equilibrium point in the demand and supply of oil 
markets. For one point of view, that event holds the responsibility for WTI price 
reduction. On the other hand, Brent oil had an upward trend to their prices due to the 
fact that showed the Arab Oil Spring and the Fukushima accident in 2011. As we 
observe, random geopolitical and other events manipulate global economy and it is 
logical to wonder if WTI comes again to his past dominant role, an issue that maybe is 
a good topic for further research.   
Finally, we examine through an econometric model the well-known price 
spread between WTI and Brent, in order to find, through EViews analysis, what are the 
most fitted variables that affect the dependent variable. It is found that a lot of 
variables are statistically significant for different selected periods. We split the sample 
to two periods, what is 2012 to 2015 and 2016 to 2019 because we noticed that at 
December of 2015 the spread was almost zero. Additionally, December 2015, was a 
robust period for oil global market because important events taken place. At the first 
period, we find that exchange rates of euro, Great Britain pound and Japanese yen 
relative to dollar, plays an important role for the spread. Additionally, first lag of MSCI 
prices plays an important role as well as with the first lag of Baltic prices. Furthermore, 
both Dow Jones Steel index plays significant role to oil spread with the GSCI prices. On 
the other hand, the significant variables changes for the 2016 to 2019 sample. None of 
the exchange rates, except for first lag of Japanese Jen, plays dominant role, but U.S.A. 
imports comes to the level of significance. Moreover, Federal Funds rate has a 
significant role at 5% rate, which is important fact for the global economy.   
Limitations & Future Research 
In terms of the limitations and future research of the paper, the study can be 
expanded to other price discovery process with other agriculture commodities in order 
to expand the horizon of significant futures that plays dominant role to investments in 
oil global economy. Moreover, other econometrical models can be applied in order to 
examine if the literature and our conclusions have the same approach and final results. 
Another issue for further research is to examine the impact of renewable energy 
sources in production and consumption, because as we observe global legislation and 
political actions about new global energy map defines new policies which prefer new 
energy sources relative to crude oil. These sources are more environmentally friendly, 
an issue that is widely discussed in relation to the Earth’s future. Additionally, some 
researchers find evidence for gas leading role at energy futures market, which is an 
important issue about the leading role in agricultural future market and market 
participant’s investments decisions. As we mentioned earlier the increasing use of 
renewable energy sources could influence the oil production and consumption and 
reduce oil markets role.  
Furthermore, another important limitation of our analysis is the 
multicollinearity of our spread independent variables. Exchange rates or global 
economic indicators historically have a dozen of trends similarities, so a better 
econometric treatment will happen, if in a future research attempt, all that variables 
will be used to different combinations. Another choice, in order to improve empirical 
evidence, will be the reduction of the sample to more convenient for analysis. As a 
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result, we will lessen the contemporaneous variables correlation. However, as we said 
in the price discovery methodology chapter, that problematic relationship will not 
eliminated.       
Moreover, our price discovery research can become more precisely if analysis 
takes place at one second futures contract prices, which is more effective for short run 
investments. Finally, we can mention that two sources of oil may not be adequate for 
explaining oil pricing fluctuation and influence power, because of limited amount of 
significant indices. An obvious implication of this result is that supply and demand 
shocks, that historically happened, can affect prices in one region and with very quick 
rhythm can expand to other regional markets. As a future option we will use new oil 
variables such as OPEC prices and other dominant indices.  
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Appendix 
 
Image 1: Energy Efficiency & Renewable Energy, 
(https://www.energy.gov/sites/prod/files/fotw859.jpg)  
 
 
Image 2: rdrr.io (https://rdrr.io/rforge/ifrogs/man/pdshare.html) 
 
Image 3: rdrr.io (https://rdrr.io/rforge/ifrogs/man/pdshare.html) 
 
Price Discovery Measures (Jan 2012 to Oct 2019) 
Information Share 
(Hasbrouck) 
Lower bound Upper bound Average 
Brent Futures Prices 38,78% 94,69% 66,74% 
WTI Futures Prices 5,31% 61,22% 33,27% 
Component Share 
(Gonzalo and Granger) 
Average     
Brent Futures Prices 74,12%     
WTI Futures Prices 25,88%     
Table 1: Price Discovery Results (2012-2019) 
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Figure 1: WTI & Brent prices Graph 
 
Figure 2: Unit Root Test for Brent prices 
  
Figure 3: Correlogram of Brent prices 
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Figure 4: Unit Root Test for WTI prices 
 
Figure 5: Correlogram for WTI prices  
 
Figure 6: Lag Selection 
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Figure 7: Cointegration Johansen’s Test Results 
 
Figure 8: VECM Model (Selected Lags: 3) 
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Figure 9: Residuals tests (Serial Correlation & Normality)  
 
Figure 10: Residuals Heteroskedasticity Test Results 
 
Figure 11: Wald Test for Brent Model 
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Figure 12: Serial Correlation & Heteroskedasticity Tests for Brent Model 
 
Figure 13: Normality Test for Brent Model  
 
Figure 14: Wald Test for WTI Model 
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Figure 15: Serial Correlation & Heteroskedasticity Tests for WTI Model 
 
Figure 16: Normality Test for WTI Model 
 
Figure 17: Impulse Response Function Results 
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Figure 18: Final VECM Model 
 
Figure 19: General Spread Model (Visual Reasons for Variables) 
 
Figure 20: Best Fitted Model (January 2012 to December 2015)  
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Figure 21: Residuals Plot for First Period Model 
 
Figure 22: Heteroskedasticity Test for First Period Model  
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Figure 23: Serial Correlation Tests for First Period Model 
 
Figure 24: Normality Test for First Period Model 
 
Figure 25: ARCH Effect Test for First Period Model 
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Figure 26: Best Fitted Model (January 2016 to October 2019)  
 
Figure 27: Residuals Plot for Second Period Model 
 
Figure 28: Serial Correlation Test for Second Period Model 
   
 -12- 
 
Figure 29: Heteroskedasticity Test for Second Period Model  
 
Figure 30: Normality Test for Second Period Model 
 
Figure 31: ARCH Test for Second Period Model  
 
